Multidrug resistance protein 4 (ABCC4)-mediated ATP hydrolysis: effect of transport substrates and characterization of the post-hydrolysis transition state.
Multidrug resistance protein 4 (MRP4/ABCC4), transports cyclic nucleoside monophosphates, nucleoside analog drugs, chemotherapeutic agents, and prostaglandins. In this study we characterize ATP hydrolysis by human MRP4 expressed in insect cells. MRP4 hydrolyzes ATP (Km, 0.62 mm), which is inhibited by orthovanadate and beryllium fluoride. However, unlike ATPase activity of P-glycoprotein, which is equally sensitive to both inhibitors, MRP4-ATPase is more sensitive to beryllium fluoride than to orthovanadate. 8-Azido[alpha-32P]ATP binds to MRP4 (concentration for half-maximal binding approximately 3 microm) and is displaced by ATP or by its non-hydrolyzable analog AMPPNP (concentrations for half-maximal inhibition of 13.3 and 308 microm). MRP4 substrates, the prostaglandins E1 and E2, stimulate ATP hydrolysis 2- to 3-fold but do not affect the Km for ATP. Several other substrates, azidothymidine, 9-(2-phosphonylmethoxyethyl)adenine, and methotrexate do not stimulate ATP hydrolysis but inhibit prostaglandin E2-stimulated ATP hydrolysis. Although both post-hydrolysis transition states MRP4.8-azido[alpha-32P]ADP.Vi and MRP4.8-azido[alpha-32P]ADP.beryllium fluoride can be generated, nucleotide trapping is approximately 4-fold higher with beryllium fluoride. The divalent cations Mg2+ and Mn2+ support comparable levels of nucleotide binding, hydrolysis, and trapping. However, Co2+ increases 8-azido[alpha-32P]ATP binding and beryllium fluoride-induced 8-azido[alpha-32P]ADP trapping but does not support steady-state ATP hydrolysis. ADP inhibits basal and prostaglandin E2-stimulated ATP hydrolysis (concentrations for half-maximal inhibition 0.19 and 0.25 mm, respectively) and beryllium fluoride-induced 8-azido[alpha-32P]ADP trapping, whereas Pi has no effect up to 20 mm. In aggregate, our results demonstrate that MRP4 exhibits substrate-stimulated ATP hydrolysis, and we propose a kinetic scheme suggesting that ADP release from the post-hydrolysis transition state may be the rate-limiting step during the catalytic cycle.